A type of new environmentally friendly lube additive---boron-nitrogen modified soybean oil was synthesized and characterized by infrared spectrum. Its effect on the friction and wear behavior of steel-steel and steel-aluminum alloy systems were investigated with a four-ball machine and an Optimol SRV friction and wear tester respectively. The morphographies of the worn surfaces were analyzed by means of scanning electron microscopy(SEM).The worn surfaces of the 2024Al alloy block were analyzed by means of X-ray photoelectron spectroscopy(XPS).The results show that the type of modified soybean oil as additives can obviously decrease the wear rate and friction coefficient of steel pair and steel-aluminum frictional pair. Its lubrication mechanism is inferred that a high strength adsorption film and/or tribochemistry reaction film on the worn surface of the Al alloy due the carrier effect of a long chain soybean oil, high reaction activities of nitrogen, electron-deficient of boron and their synergisms.
With the extensive application of aluminum alloy, more and more people began to attention the lubrication problem of aluminum alloy. Many people's study results show that nitrogen-oxygen types of additive possess excellent anti-wear and reduce-friction abilities on steel-aluminum frictional pairs [1] [2] [3] [4] [5] [6] . On the other hand, it has been known that environmental pollution caused by conventional mineral lubricants is significant because of their low biodegradability and even eco-toxicity. Environmental safety and compliance of lubricants has recently become a worldwide special concern. Soybean oil have been proven to be attractive and promising as environmentally friendly lubricants thanks to their high biodegradability and low eco-toxicity [7] . In this paper, a boron and nitrogen containing compound was prepared through chemical modification of soybean oil. The friction and wear behavior of steel-steel and steel-aluminum alloy systems were studied.
Equal amount of soybean oil , potassium permanganate solution and alkalescence solution were charged into a three-neeked flask with a thermometer and a stirrer. The mixture was gradually heated to about 70℃ and kept reacting for about 3 hours at the temperature under agitation. Thereafter the reaction product was cooled to room temperature, the water layer was removed through a separatary funnel. The organic layer was returned to the flask and triethanolamine was added in batches and reflux at 90℃ for 3 hours. Then, boric acid was added and the mixture continue to react for 2 hours. After cooling, the organic product was purified by vacuum distillation. A buff transparent modified soybean oil additive containing boron and nitrogen is therefore obtained ( named BNS).
BNS was added to rapeseed base oil in the mass proportion of 0.5%, 1.0℅, 1.5℅, 2.0℅, 2.5% respectively. The friction and wear behavior of steel-steel system of the formulated oils were tested on a MQ-800 four balls tribotester at the rotary speed of 1450rmp. The balls used in the test were 12.7mm in diameter and made of GCr15 bearing steel with Rockwell's hardness being 59-61. The friction and wear behavior of steel-aluminum alloy system of the formulated oils were tested on SRV friction-wear tester at the frequency of 25 Hz and the swing of 1 mm. The testing aluminum block was LY12 aluminum alloy (Al2024) with Rockwell's hardness being 210 HBS. The fitting used in the test was 10mm in diameter and made of GCr15 bearing steel with Rockwell's hardness being 61-63HRC.
After the four-ball test, the tested steel balls were cleaned in an ultrasonic bath with ligroin and then in distilled water for 5 min. The wear scar morphologies were analyzed on AMKAY 1000B sem 250 scanning electron microscope with energy/ wave length dispersion, at the voltage of 20kv. The wear scar morphologies and tribochemical species of the worn aluminum alloy block surface was conducted using a PHI-5100 multifunctional X--ray Photoelectron Spectroscope(XPS) using MgKa radiation as the excitation source. The binding energy was determined to an accuracy of about 0.3eV with the binding energy of contaminated C( C1s at 284.6eV) as the reference.
The infrared spectrum of BNS is shown in figure 1. It can be found from figure 1 that B-O absorption apex appears at 1376.1cm -1 , the stronger absorption apex appears at 1264.3cm -1 correspond to O-C-N bonds, This indicate that the additive is boron-nitrogen type compound [8] . Figure 1 The infrared spectrum of boron -nitrogen type modified soybean oil Wear scar diameters, friction coefficients, nonseizure loads and welding loads of BNS in rapeseed base oil were evaluated on the friction tester.
The variation of the maximum non-seizure loads(P B ) and the welding loads(P D ) of steel with additive contents are given in table 1 respectively. The table shows that P B and P D of steel increase obviously with increasing contents of BNS in rapeseed oil. The variations of the wear scar diameters and friction coefficients of steel ball with concentrations of BNS are given in figure 2. It can be seen from these figures that BNS is an effective anti-wear and friction-reduce in rapeseed base oil. When concentration of BNS is 2.0%, the wear scar diameters and friction coefficients of the formulated lubricant are minimum. 
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The variations of the wear volume loss and friction coefficients of aluminum alloy block with concentrations of BNS are given in figure 3 . It can be seen from these figures that BNS is an effective anti-wear and friction-reduce in rapeseed base oil. When concentration of BNS is 2.0%, the wear volume loss and friction coefficients of the formulated lubricant are minimum. The SEM morphologies of the worn steel ball surfaces are shown in figure 4 . The surfaces were those after four balls testing at 392N for 30 minutes lubricated with rapeseed oil with and without BNS.
It can be seen from figure 4 that the scratch of the wear scar surface lubricated at the rapeseed oil containing BNS is obviously milder than the corresponding base oil, The results show that BNS is effective in improving anti-wear and friction--reducing abilities of rapeseed lubricating oil. This indicates that the nitrogen-containing compounds adsorbed on the aluminum alloy surfaces. The peaks at binding energies of 71.88 eV correspond to the chemical states of AlB2. This indicates that boron element have infiltrated through wear surfaces but tribochemical reaction have taken place on the aluminum alloy surfaces [9] . Soybean oil usually has poor anti-wear and extreme-pressure abilities. When boron and nitrogen are bonded into the molecules of soybean oil, the chemically modified soybean oil such as BNS exhibits not only excellent friction-reducing ability but also evident anti-wear and extreme-pressure properties in rapeseed base oil. From chemical point of view, the boron-nitrogen
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Vehicle, Mechatronics and Information Technologies modified soybean oil lube additive is different from traditional boric acid ester compounds. In the molecules of BNS, boron and nitrogen were bonded mainly onto carboxyl of soybean oil. Long chain soybean oil molecules act as carriers of boron and nitrogen. The adsorption of soybean oil molecules and the reaction of boron and nitrogen with aluminum alloy substrate due to high polarity and reactivity create potential oiliness and extreme-pressure films. Moreover, boron is an electron deficient element, its empty p orbit can capture electron of d or f orbit and agitational electron of frictional metal during friction. This can make B element permeate through surface and subsurface easily. On surface, B element exists by means of form such as AlB2 , but on subsurface, it exists by means of form such as Al-B-C, their synergisms make the tribochemical reaction film stronger. Otherwise, when BNS molecules adsorb on the friction surface, hydrogen bonds may occur amongist the molecules because of high electronegativity and small atomic radius of nitrogen atom. Hydrogen bonds increase the diatropic force of the adsorption film and therefore the film intensity.
The biodegradability of lube additive determined by CEC L-33-A-93 means. The rate of biodegradation of soybean oil and BNS are 98.2% and 95.4% respectively. This indicates that BNS possess excellent biodegradability. Moreover, boron is a nontoxic element, nitrogen can provide microbe with nutrient and help to biodegradation of additive, therefore BNS is a type of environmentally friendly water base lube additive.
A new environmentally friendly lube additive was prepared through direct chemical modification of soybean oil, the additive provides excellent extreme-pressure, anti-wear and friction-reducing performances in rapeseed base oil. Its lubrication mechanism is inferred that a high strength adsorption film and/or tribochemistry reaction film on the worn surface of the Al alloy due the carrier effect of a long chain soybean oil, high reaction activities of nitrogen, electron-deficient of boron and their synergisms.
